INTRODUCTION
============

Atopic dermatitis (AD) is a common chronic relapsing inflammatory skin disease characterized by itching, dry skin, inflammation and exudation frequently associated with a personal or familial history of allergic diseases.[@B1] Hypersensitivity reaction to environmental agents has been suggested as the pathogenetic mechanism responsible for the development and maintenance of chronic skin inflammation in patients with AD.[@B2] However, the pathogenetic mechanism of AD seems to be more complex and associated with genetic abnormalities, environmental triggers, skin barrier dysfunction, and immunological abnormalities.[@B2],[@B3] The precise pathogenetic mechanism of AD is not completely understood.

Current standard medical therapies for AD (including topical corticosteroid and/or topical calcineurin inhibitor) are mainly focused on symptomatic relief; subsequently, their clinical efficacies are frequently disappointing to both patients and physicians.[@B1] A significant number of patients with recalcitrant AD can be improved by systemic treatment with corticosteroid, cyclosporine, or mycophenolate mofetil; however, there is a possibility of toxicity from long-term treatment with these compounds.[@B1] The further development of additional therapeutic modality for patients with recalcitrant AD is required.

We hypothesized that repeated intramuscular injections of autologous immunoglobulin (autologous immunoglobulin therapy: AIGT) might induce clinical improvements in patients with AD by stimulation of the active immune response to antigen-binding-site of pathogenic antibodies. In this preliminary report, we evaluated the clinical efficacy of AIGT in 3 adult patients with severe recalcitrant AD.

MATERIALS AND METHODS
=====================

Patients
--------

Three adult patients with severe recalcitrant AD who fulfilled all of the criteria below were included in this report. Patients showed typical clinical features of AD compatible with the diagnostic criteria for AD suggested by Hanifin and Rajka.[@B4] In this report, recalcitrant AD was defined when the clinical condition of a patient was not effectively controlled by current standard medical therapies (topical moisturizers, topical corticosteroids, topical calcineurin inhibitors, and oral antihistamines) for more than 2 months. All 3 patients in this report were treated with oral cyclosporine for more than 2 years before the initiation of AIGT. One patient (case 1) was also treated by subcutaneous allergen immunotherapy with house dust mite extract for more than 2 years without significant clinical improvement before the initiation of AIGT ([Table 1](#T1){ref-type="table"}). Medical therapies were maintained in all 3 patients with recalcitrant AD during the AIGT and follow-up after AIGT without changes in dose. This clinical trial was approved by the institutional review board. All patients provided written informed consent. This clinical trial was also registered in the Clinical Research Information Service of Korea (CRIS), one of the primary registries in the World Health Organization (WHO) international clinical trials registry platform (<http://apps.who.int/trialsearch/trial.aspx?trialid=KCT0000549>).

Preparation of autologous plasma using a double blood bag system
----------------------------------------------------------------

A total of 400 mL of venous blood was collected into a double blood bag system (Green Cross PBM, Seoul, Korea) that contained 56 mL of citrate phosphate dextrose as anticoagulant. The venous blood in the double blood bag was separated into packed red blood cells and plasma by centrifuging the double blood bag at 3,500 rpm and 4℃ for 10 minutes. The separated autologous plasma (approximately 200 mL) was stored at -20℃.

Preparation of autologous immunoglobulin
----------------------------------------

Autologous immunoglobulin was purified from autologous plasma by affinity chromatography using Protein A with an aseptic technique in a sterile environment using sterilized devices as found in previous reports.[@B5],[@B6] The purified autologous immunoglobulin solution was tested for bacterial contamination using an endotoxin assay kit (Associates of Cape Cod Inc., MA, USA). The autologous immunoglobulin solution was aliquoted in sterile glass vials and stored at -20℃.

### Analysis of protein concentrations in plasma and autologous immunoglobulin solution

The concentration of albumin was measured by the biuret method, using ADVIA 2400 analyzer (Siemens Healthcare Diagnostics Ltd, Camberley, UK). Concentrations of IgA, IgG, and IgM were measured by turbidimetric immunoassay using a Cobas Integra analyzer (F. Hoffmann-La Roche, Basel, Switzerland). The concentration of IgE was measured by ImmunoCAP system (Thermo Scientific Inc., MI, USA).

Treatment procedure of AIGT
---------------------------

AIGT was started 4 weeks after a venous blood sampling using a double blood bag system. The frozen autologous immunoglobulin solution was thawed in a glass vial at room temperature at each time for injection. The patients received intramuscular injections of 50 mg of autologous immunoglobulin twice a week for 4 weeks (total 8 injections).

### Clinical assessment

The primary efficacy outcome was the change in the clinical severity score of AD, measured using a standardized clinical severity scoring system for AD (SCORAD).[@B7] SCORAD value was assessed at the baseline, at every week during the 4 weeks of AIGT, and then every 4 weeks.

RESULTS
=======

The analysis of protein concentrations in the autologous immunoglobulin solutions from 3 patients with severe recalcitrant AD showed that IgG was a major protein component with small amounts of IgA, IgM, and IgE ([Table 2](#T2){ref-type="table"}). Endotoxin concentrations in autologous immunoglobulin solutions for all 3 patients were below the detection limit (\<0.25 EU/mL). A clinical severity score of AD (SCORAD value) showed a decrease greater than 30% at 8 weeks after the initiation of AIGT compared to the baseline before the initiation of AIGT in all 3 patients with severe recalcitrant AD ([Figure](#F1){ref-type="fig"}). No significant side effects from the treatment were observed in the 3 patients. The detailed clinical courses of 3 patients with severe recalcitrant AD before and after AIGT are as follows.

Case 1
------

A 21-year-old male patient with severe AD visited the emergency room of our university hospital with complaints of intractable pruritus and difficulty in sleep due to pruritus on August 30, 2010. The patient was diagnosed with AD at 5 months of age and reported a progressive worsening of his eczema over the past 5 years before the initial visit to our hospital. He had also allergic rhinitis; however, there was a no family history of allergic diseases. On physical examination, eczematous skin lesions on the whole body surface area were noted. The clinical severity score of AD in this patient (SCORAD value) at the initial visit was 81.5. Serum house dust mite-specific IgE assay (ImmunoCAP, Thermo Scientific Inc.) showed a strong positive result ([Table 1](#T1){ref-type="table"}). After admission, he was treated with a topical corticosteroid, systemic corticosteroid, and oral cyclosporine (200 mg/day). During the admission, he received subcutaneous allergen immunotherapy with house dust mite extract with ultra-rush schedule as previously reported.[@B8] He was discharged from the hospital with clinical improvement. After discharge, he was treated with topical corticosteroid, topical calcineurin inhibitor, emollients, oral antihistamine, and oral cyclosporine (200 mg/day) as well as a monthly maintenance dose of subcutaneous allergen immunotherapy at the out-patient clinic of our university hospital. However, his clinical condition was not completely controlled even after treatment. At 11 months after the initial admission to our hospital, the patient was hospitalized again due to a severe acute exacerbation of AD with secondary bacterial skin infection. After admission, the acute flare-up was treated by a systemic corticosteroid with oral antibiotics. After discharge, he was again treated with oral cyclosporine (125 mg/day) and a monthly maintenance dose of subcutaneous allergen immunotherapy; however, these treatments did not effectively control AD symptoms and only the intermittent use of oral corticosteroids were effective for the control of acute exacerbations of AD.

On November 1, 2012 (at age 23), AIGT was started in this patient. The baseline SCORAD value of the patient measured at the day of initiation of AIGT was 88.0 ([Table 1](#T1){ref-type="table"}). The clinical severity of AD did not significantly improve in the patient during the first 4 weeks after the initiation of AIGT; however, the clinical condition started to improve 5 weeks after the initiation of AIGT. The SCORAD value was 55.0 at 8 weeks after the initiation of AIGT (37.5% decrease in the SCORAD value compared with the baseline value) ([Figure](#F1){ref-type="fig"}). Moreover, his AD symptoms progressively improved every 4 weeks during the follow-up for 24 weeks after the initiation of AIGT ([Figure](#F1){ref-type="fig"}). At 24 weeks after the initiation of AIGT, the SCORAD value was measured at 24.7 in the patient (a 71.9% decrease in SCORAD value compared with the baseline value). This clinical condition at 24 weeks after the initiation of AIGT was the best condition during the clinical observation of this patient during the follow-up over 3 years after the initial visit to our hospital. No side effects were observed during and after AIGT.

Case 2
------

A 33-year-old male patient with severe AD presented to the out-patient clinic of our university hospital with complaints of severe pruritus on July 20, 2010. The patient was diagnosed with AD shortly after birth. He also had asthma, allergic rhinitis, and allergic conjunctivitis. He had a family history of allergic rhinitis (elder brother). He was diagnosed with iatrogenic Cushing syndrome at age 11 on the basis of a moon face, obesity, and history of long-term oral corticosteroid treatment at the dermatology clinic of another university hospital. He was treated with a topical corticosteroid and oral antihistamine in the out-patient clinic of another university hospital for 22 years from the age of 11; however, the clinical condition of the patient was not effectively controlled by treatment. He had also received phototherapy (ultra-violet ray therapy) at the age of 22 for 31 months but discontinued due to concerns over the development of side effects from long-term phototherapy. He had received surgery for cataract and glaucoma. On physical examination, eczematous skin lesions on the whole body surface area were noted. The clinical severity score of AD in this patient (SCORAD value) at the initial visit was 60.4. Serum house dust mite-specific IgE assay (ImmunoCAP, Thermo Scientific Inc.) showed a strong positive result ([Table 1](#T1){ref-type="table"}). After the initial visit to our hospital, he was treated with oral cyclosporine (200 mg/day) for 1 year and then with a combination of oral cyclosporine (100 mg/day) and oral methotrexate (12.5 mg/week) for an additional 1 year in the out-patient clinic of our hospital. However, his clinical symptom of AD had not been effectively controlled.

On February 19, 2013 (at age 36), AIGT was started in this patient. The baseline SCORAD value of the patient measured at the day of initiation of AIGT was 60.7 ([Table 1](#T1){ref-type="table"}). The patient reported a subjective improvement in clinical symptoms of pruritus from 1 week after the initiation of AIGT and he reported a 100% improvement in the quality of sleep scores (scores from 10 to 0) at 3 weeks after the initiation of AIGT injection. The SCORAD value decreased to 43.1 at 4 weeks after the initiation of AIGT (29.0% decrease in SCORAD value compared with the baseline) and 28.2 at 8 weeks after the initiation of the AIGT (53.5% decrease in the SCORAD value compared with the baseline) in this patient ([Figure](#F1){ref-type="fig"}). The SCORAD value further decreased to 25.7 at 12 weeks after the initiation of AIGT (57.7% decrease in the SCORAD value compared with the baseline) in this patient. No side effects were observed during and after AIGT.

Case 3
------

A 27-year-old male patient with severe AD presented to the out-patient clinic of our university hospital with a complaint of pruritus on March 4, 2010. The patient was diagnosed with AD at the age of 14. He also had a past history of allergic rhinitis and asthma and a family history of atopic dermatitis (grandfather and aunt). On physical examination, severe eczematous skin lesions involving the face, neck, and anterior chest surface area were noted. He had been treated by a topical corticosteroid, oral antihistamine, and intermittent oral corticosteroid at the out-patient dermatology clinics of 2 different university hospitals for 12 years before the initial visit to our hospital. Additionally, he was also treated with oral cyclosporine (100 mg/day) for the last 6 months. However, his clinical condition was not effectively controlled. He had received surgery for cataracts of the right eye at the age 20. The clinical severity score of AD in this patient (SCORAD value) at the initial visit was 45.2. Serum house dust mite-specific IgE assay (ImmunoCAP, Thermo Scientific Inc.) showed a strong positive result ([Table 1](#T1){ref-type="table"}). He was treated with oral cyclosporine (100 mg/day), topical calcineurin inhibitor, and oral anatihistamine for 3 years at our clinic; however, his clinical condition of AD was not effectively controlled.

On January 13, 2013 (at age 30), AIGT was started in this patient. The baseline SCORAD value of the patient measured at the day of initiation of AIGT was 60.4 ([Table 1](#T1){ref-type="table"}). The patient reported a subjective improvement in the clinical symptoms of pruritus at 3 weeks after the initiation of AIGT. The SCORAD value decreased to 45.5 at 4 weeks after the initiation of AIGT (24.7% decrease in the SCORAD value compared with the baseline) and 39.3 at 8 weeks after the initiation of AIGT (34.9% decrease in the SCORAD value compared with the baseline) in this patient ([Figure](#F1){ref-type="fig"}). The SCORAD value increased to 59.2 at 12 weeks after the initiation of AIGT in this patient. No side effects were observed during and after AIGT.

DISCUSSION
==========

In this report, AIGT resulted in marked clinical improvements in 3 patients with severe recalcitrant AD. In addition, AIGT was well-tolerated and produced no significant side effects.

The justification for this study originated from our hypothesis on the possible therapeutic mechanism of autologous blood therapy (ABT).[@B9] Survey of physicians in Germany have shown ABT as the most frequently used complementary alternative medicine for AD.[@B10] ABT has been used for about 100 years in many countries for the treatment of various chronic diseases.[@B11] ABT is a treatment of repeatedly administering small amounts of autologous blood (1-5 mL) by intramuscular injection immediately after the sampling of venous blood from a patient.[@B9] Clinical efficacy of ABT has been demonstrated by randomized placebo-controlled studies in patients with AD and chronic urticaria.[@B12],[@B13] Autologous serum therapy (repeatedly administering a small amount of serum separated from the clotted autologous venous blood of patients by intramuscular injection) also has been reported to be effective in patients with chronic urticaria.[@B14] The induction of an anti-idiotype immune response (immune response to the antigen-binding portion of immunoglobulin) has been commonly suggested as the main mechanism for the development of immune tolerance in allergic diseases and autoimmune diseases.[@B15],[@B16] Based on these studies, we hypothesized that repeated intramuscular injections of autologous immunoglobulin might induce clinical improvements in patients with AD by the stimulation of an active immune response to the antigen-binding-site of pathogenic antibodies. In this report, we observed marked clinical improvements in 3 adult patients with severe recalcitrant AD after AIGT; however, further clinical studies with larger numbers of patients are required to evaluate the clinical usefulness of AIGT for AD.

The clinical efficacy of intravenous administration of polyclonal immunoglobulins purified from multiple healthy blood donors has been reported in patients with severe recalcitrant atopic dermatitis.[@B17] Clinical efficacy of intravenous immunoglobulin therapy was observed quickly after the start of treatment (usually within 1-2 weeks).[@B17] However, the clinical efficacy of intravenous immunoglobulin therapy persisted for a short term (usually less than 1 month) and required monthly administrations of intravenous immunoglobulin to maintain clinical improvement.[@B17] However, we observed that the clinical efficacy of AIGT was maintained for more than 1 month in all 3 patients of this report after the completion of treatment. In the first case of this report, the positive clinical efficacy of AIGT was only observed at 4 weeks after the completion of AIGT and continued for more than 20 weeks after the completion of AIGT. The duration and onset time of clinical efficacy of AIGT seems various among the 3 patients with recalcitrant AD in this report. The difference in duration and onset of clinical efficacy between intravenous immunoglobulin therapy and AIGT could be the result of differences in the therapeutic mechanism of the 2 treatment methods; however, further studies are required to evaluate the therapeutic mechanism of AIGT.

There is evidence on the possible involvement of an anti-idiotypic immunoregulatory mechanism in allergic diseases and autoimmune diseases based on *in vitro* studies and *in vivo* animal models; however, there is limited clinical data to support the concept of anti-idiotypic therapy in human subjects with allergic diseases or autoimmune diseases.[@B15],[@B16] Recently, the clinical efficacy of recombinant idiotype vaccine (prolongation of disease-free survival) has been demonstrated in patients with B cell lymphoma by a randomized placebo-controlled clinical trial.[@B18] The idiotype could be used as a tumor-specific antigen for the induction of an active immune response to tumor cells because tumor cells in patients with B cell lymphoma express monoclonal immunoglobulin on the surface.[@B18] The preliminary results of our report suggest a possibility that AIGT could be developed as a new immunomodulatory therapy for allergic diseases and autoimmune diseases. Further studies on the clinical efficacy with larger numbers of patients are required to evaluate the clinical usefulness of AIGT in allergic diseases.
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Clinical characteristics of 3 patients with severe recalcitrant atopic dermatitis at the initiation of autologous immunoglobulin therapy.
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Analysis of protein concentrations in plasma sample, autologous plasma prepared by a double blood bag system, and autologous immunoglobulin solution in 3 patients with recalcitrant atopic dermatitis who received autologous immunoglobulin therapy.
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